ABSTRACT
POPulatiOn
Two populations of men free of risk factors for erectile dysfunction and other sexual dysfunction or its treatment: men aged 40 or more with benign prostatic hyperplasia who received a prescription for a 5-α reductase inhibitor (finasteride or dutasteride) or α blocker, or both, and men aged 18-59 with alopecia.
exPOsures
In the benign prostatic hyperplasia study, exposures were classified as 5-α reductase inhibitors only, 5-α reductase inhibitors+α blockers, or α blockers only. In the alopecia study, exposures were finasteride 1 mg or no treatment.
Main OutCOMe Measures
Cases were men with a diagnosis of erectile dysfunction or treatment (procedure or prescription for a phosphodiesterase type 5 inhibitor) during follow-up. We calculated incidence rates and adjusted incidence rate ratios with 95% confidence intervals. We also conducted nested case-control analyses to control for major confounders, and calculated adjusted odds ratios with 95% confidence intervals.
results
In the population with benign prostatic hyperplasia (n=71 849), the risk of erectile dysfunction was not increased with use of 5-α reductase inhibitors only (incidence rate ratio 0.92, 95% confidence interval 0.85 to 0.99; odds ratio 0.94, 95% confidence interval 0.85 to 1.03) or 5-α reductase inhibitors+α blocker (1.09, 0.99 to 1.21, 0.92; 0.80 to 1.06) compared with α blockers only, and remained null regardless of number of prescriptions or timing of use. The risk of erectile dysfunction increased with longer duration of benign prostatic hyperplasia, regardless of exposure. For the alopecia population (n=12 346), the risk of erectile dysfunction was not increased for users of finasteride 1 mg compared with unexposed men with alopecia (1.03, 0.73 to 1.44; 0.95, 0.64 to 1.41).
Introduction
The 5-α reductase inhibitors finasteride (5 mg) and dutasteride (0.5 mg) are primarily used to treat benign prostatic hyperplasia, with a second indication for finasteride 1 mg to treat alopecia. Though benign prostatic hyperplasia itself is an independent risk factor for erectile dysfunction, 1 evidence suggests that 5-α reductase inhibitors may independently increase the risk of adverse sexual side effects, [2] [3] [4] [5] [6] [7] [8] [9] [10] potentially through induction of androgen deficiency by inhibition of 5-α reductase and reduction in available 5-α dihydrotestosterone. 11 Further, these adverse effects may be persistent or irreversible even when treatment is discontinued. 5 9-11 In addition, a recent meta-analysis of sexual adverse events from the few published clinical trials available evaluating the efficacy of finasteride 1 mg for alopecia reported that the data are limited, of poor quality, and insufficient for establishing the safety profile of the drug for alopecia treatment. 12 Changes to the labeling of finasteride were announced by the Food and Drug Administration in 2011 and 2012 to include a list of reported sexual adverse events. 13 Of particular concern is that many reports of sexual dysfunction were in previously healthy young men using finasteride 1 mg for alopecia. 9 Increasing patient activism, including establishment of a research foundation for "post-finasteride syndrome," is indicative of growing alarm and the need for awareness and research on long term complications of 5-α reductase inhibitor use. 14 Finally, assessment of the safety of 5-α reductase inhibitors for benign prostatic hyperplasia and alopecia is warranted owing to the
WhAT IS AlReAdy knoWn on ThIS TopIC
Erectile dysfunction and other sexual dysfunctions have been reported as adverse effects of 5-α reductase inhibitors in clinical trial settings Benign prostatic hyperplasia, one of the indications for use of 5-α reductase inhibitors, is a risk factor for erectile dysfunction and other sexual dysfunctions
WhAT ThIS STudy AddS
Our study results provide evidence that 5-α reductase inhibitors do not increase the risk of clinically meaningful incident erectile dysfunction or non-erectile dysfunction sexual dysfunction in men who are free of sexual dysfunction and major risk factors (eg, prostate, genital, or urinary cancers, surgical procedures), regardless of indication for use (benign prostatic hyperplasia or alopecia)
The risk of erectile dysfunction increased with longer duration of benign prostatic hyperplasia independent of exposure which should be accounted for in the design of future studies evaluating the safety of 5-α reductase inhibitors large sales volume 15 and prescribing of these drugs for hair loss to otherwise healthy young men. We conducted two cohort studies with nested case-control analyses to evaluate the risk of erectile dysfunction in men who used 5-α reductase inhibitors to treat benign prostatic hyperplasia or alopecia. We also estimated the rate of non-erectile dysfunction sexual dysfunctions (ejaculatory disorder, psychosexual dysfunction, and low libido) in these populations of 5-α reductase inhibitor users.
Methods

Data source
This study was conducted using the UK Clinical Practice Research Datalink (CPRD), a large, longitudinal, population based electronic medical record database that contains data on approximately 10 million people. Participating general practitioners contribute data in an anonymous format, including medical diagnoses, lifestyle details (eg, smoking, body mass index), details of hospital stays and specialist visits, and deaths, as well as details of all drugs prescribed, including formulation and dosing instructions. Data in the CPRD are collected prospectively, and all information on diseases and prescriptions is recorded in the absence of a study hypothesis, so there is no risk of recall bias. Validation studies have indicated that the recorded data are of high accuracy, with more than 90% of information from the manual medical records present in the general practitioner's office recorded on the computer. 16 17 
Patient populations
The study period was 1 January 1992 (the year that finasteride was first available in the UK) through 31 December 2011. We limited the end of the study period to 31 December 2011 owing to changes in the indication for use of phosphodiesterase type 5 inhibitors (drugs indicated for the treatment of erectile dysfunction, which were approved for the treatment of benign prostatic hyperplasia in 2012) and changes in the UK Quality and Outcomes Framework (which prompts all general practitioners to document whether they have asked all men with diabetes about potential erectile dysfunction).
We identified all men in the CPRD who had a prescription for either a 5-α reductase inhibitor (finasteride or dutasteride) or an α blocker (alfuzosin, doxadosin, indoramin, prazosin, tamsulosin, and terazosin), or both, plus a diagnosis of benign prostatic hyperplasia or prostatism recorded at any time prior to the first prescription date through three months after (to allow time for general practitioners to record diagnoses made by specialists). During the study period, α blockers were the only available alternative pharmaceutical treatment for benign prostatic hyperplasia, thus we chose them as an active comparator to ensure that all men included in the study population had benign prostatic hyperplasia severe enough to require treatment. α blockers are also indicated for hypertension; therefore to be included users were required to have a diagnosis of benign prostatic hyperplasia or prostatism. We defined the date of cohort entry as the date of the first prescription for a 5-α reductase inhibitor or α blocker in the patient's record. The study population was restricted to men who were aged 40 years or older and who had at least three years of history before the cohort entry date. A three year requirement was selected to ensure that men were free from sexual dysfunction before cohort entry and were new users of a study drug. These men (n=71 849) comprised the population with benign prostatic hyperplasia (fig 1) .
We then separately identified all men in the CPRD who had a diagnosis of alopecia (male pattern baldness) between 1 January 2002 (the first year finasteride was prescribed for alopecia) and 31 December 2011, were aged 18-59, and had at least one year of history in their record before cohort entry. We defined the date of cohort entry as 1 January 2002 (the start of the study period), the date of the first alopecia diagnosis occurring after 1 January 2002, or the date of the first prescription for finasteride 1 mg where the prescription was recorded before the alopecia diagnosis. We required only one year of history for this analysis because young men have shorter records in the CPRD, and because there is less concern that patients in this age group have a history of sexual dysfunction or finasteride prescriptions prior to cohort entry. These men (n=12 346) comprised the population with alopecia ( fig 2) .
Men with prostate, genital, or urinary cancer, prostatectomy or orchidectomy, history of erectile dysfunction diagnosis or treatment (eg, procedures or drugs used to treat erectile dysfunction), other sexual dysfunctions (eg, ejaculatory disorder, psychosexual dysfunction, low libido), or Peyronie's disease before cohort entry, or Klinefelter's syndrome recorded at any time were
Men with a prescription of a α reductase inhibitor or an α blocker and a diagnosis of benign prostatic hyperplasia or prostatism (n= )
Eligible for benign prostatic hyperplasia study population and included in cohort analysis (n= ) We also identified men with a diagnosis of a non-erectile dysfunction sexual dysfunction (ejaculatory disorder, psychosexual dysfunction, or low libido) recorded during follow-up to assess the rate of these outcomes. In studies on the non-erectile dysfunction sexual dysfunction cohort, the index date was the date that the man was given a diagnosis of ejaculatory disorder, psychosexual dysfunction, or low libido, whichever came first.
Matching criteria for nested case-control analyses Using the cases of erectile dysfunction identified in the cohort analyses, we conducted nested case-control analyses to control for age, calendar time, and risk factors for erectile dysfunction. We further excluded cases with a diagnosis of cancer (other than non-melanoma skin cancer) within two years before the index date because cancer and its treatment may be associated with the development of erectile dysfunction (n=46 in the population with benign prostatic hyperplasia, n=1 in the alopecia population). For each eligible case, we used risk set sampling to match up to four controls from the population on year of birth (within two years), general practice attended, index date (the same index date as the matched case), and year the patient started in the database (within two years). Controls were required to be present in the study population on the index date (that is, the index date had to fall between the candidate control's cohort entry date and censor date) and must not have had a diagnosis of or treatment for erectile dysfunction before the index date, or have had a diagnosis of any cancer (other than non-melanoma skin cancer) within two years prior to the index date. For the benign prostatic hyperplasia case-control match, 5762 erectile dysfunction cases had four matched controls each, whereas one case was matched to three controls, three cases were matched to two controls, and one case was matched to one control. For the alopecia casecontrol match, 539 of the cases had four matched controls each, whereas four cases were matched to three controls and three cases were matched to two controls.
Covariates of interest
We assessed the presence of covariates of interest at the cohort entry date (cohort studies) and the index date (case-control analyses). Covariates of interest in this study included known or suspected risk factors for erectile dysfunction and non-erectile dysfunction sexual dysfunctions: age, calendar time, body mass index (<18.5, 18.5-24.9, 25-29.9, ≥30, unknown), smoking status (never, smoker, former smoker, unknown), non-erectile dysfunction sexual dysfunction (eg, ejaculatory disorders, psychosexual dysfunction, low libido), Peyronie's disease, diabetes, hypertension, cardiovascular For the alopecia cohort analysis, we calculated incidence rates of erectile dysfunction and incidence rate ratios with 95% confidence intervals for unexposed men and for users of finasteride 1 mg, by age, calendar year, and timing of finasteride 1 mg use (current, recent, and past). In the alopecia nested case-control analysis, we used conditional logistic regression to calculated crude odds ratios and 95% confidence intervals, as well as odds ratios adjusted for body mass index, smoking status, duration of benign prostatic hyperplasia, non-erectile dysfunction sexual dysfunctions, hypertension, diabetes, hyperlipidemia, cardiovascular disease, liver disease, depression, alcohol misuse, drug misuse, and receipt of a β blocker prescription within six months prior to the index date, to estimate the risk of erectile dysfunction in users of finasteride 1 mg for alopecia compared with unexposed men with alopecia. In both the benign prostatic hyperplasia and the alopecia nested case-control analyses, we stratified the case-control results by age group to assess effect modification. We also assessed the potential for misclassification of cases with erectile dysfunction in sensitivity analyses restricted to the cases with codes that supported the erectile dysfunction diagnosis, including the presence of multiple erectile dysfunction diagnoses or prescriptions for phosphodiesterase type 5 inhibitors, surgical procedures, or referrals to specialty care, and their matched controls. Finally, we calculated incidence rates of non-erectile dysfunction sexual dysfunctions and incidence rate ratios with 95% confidence intervals for both the benign prostatic hyperplasia population and the alopecia population. We did not conduct a nested case-control study for those outcomes owing to the low number of non-erectile dysfunction sexual dysfunction cases identified. All statistical analyses for this study were conducted using SAS statistical software version 9.3 (SAS Institute, Cary, NC).
Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in developing plans for design or implementation of the study. No patients were asked to advise on interpretation or writing of results. There are no plans to disseminate the results of the research to study participants or the relevant patient community.
Results
erectile dysfunction in the benign prostatic hyperplasia population
Overall, 71 849 men with benign prostatic hyperplasia were eligible for inclusion; at cohort entry, 8977 received a prescription for 5-α reductase inhibitors only, 2592 for 5-α reductase inhibitors+α blockers, and 60 280 for α blockers only (table 1) . At cohort entry, users of 5-α reductase inhibitors only and 5-α reductase inhibitors+α blockers were older and more likely to switch between study drugs during follow-up compared with users of α blockers only. Users of 5-α reductase inhibitors+α blockers had more comorbidities compared with users of 5-α reductase inhibitors only and α blockers only.
We identified 5814 cases of erectile dysfunction, of whom 5022 (86.4%) had a diagnosis of erectile dysfunction or impotence and 792 (13.6%) were identified based on prescriptions for a phosphodiesterase type 5 inhibitor. The incidence rate of erectile dysfunction was lowest among users of 5-α reductase inhibitors only (15. In the nested case-control analysis, cases of erectile dysfunction were more likely than matched controls to be overweight or obese (as measured by body mass index) or to have a diagnosis of non-erectile dysfunction sexual dysfunction, hypertension, diabetes, hyperlipidemia, depression, orchitis, or alcohol misuse before the index date. Cases also had longer duration of benign prostatic hyperplasia compared with controls and were more likely to switch between study drugs at some time before the index date (table 3 ) . There was no effect on the risk of erectile dysfunction from use of 5-α reductase inhibitors only (adjusted odds ratio 0.94, 95% confidence interval 0.85 to 1.03) or 5-α reductase inhibitors+α blockers (0.92, 0.80 to 1.06) compared with α blockers only (table 4 ). The results remained null regardless of number of prescriptions received or timing of use. To assess effect modification we stratified the estimates by switching status and duration of benign prostatic hyperplasia. The risk of erectile dysfunction was higher for switchers than for non-switchers, independent of exposure. Risk of erectile dysfunction also increased with longer duration of benign prostatic hyperplasia, independent of exposure (table 4 ). Compared with users of α blockers only with duration of benign prostatic hyperplasia of less than six months, the risk of erectile dysfunction for men with a duration of six months to one year was 1.15 (95% confidence interval 1.01 to 1.32) for users of α blockers only and 1.20 (0.93 to 1.56) for users of 5-α reductase inhibitors only, which increased to 2.80 (2.50 to 3.13) and 2.54 (2.13 to 3.03) for users of α blockers only and 5-α reductase inhibitors only, respectively, with duration of benign prostatic hyperplasia for five or more years. The pattern was similar for users of 5-α reductase inhibitors+α blockers. Finally, we assessed effect modification by diabetes status by stratifying on the presence or absence of diabetes before the index date. The reference in this analysis was users of α blockers only with no diabetes. The increase in risk of erectile dysfunction was present among men with diabetes, whereas the risk was null for men without diabetes, regardless of exposure to α blockers only, 5-α reductase inhibitors only, or 5-α reductase inhibitors+α blockers (table 4) .
When we stratified by age to evaluate effect modification, the risk of erectile dysfunction was similar to that of the main analysis, regardless of age group. Among cases and controls aged 40-69 years, the adjusted odds ratio was 0.94 (95% confidence interval 0.82 to 1.06) for The results were also not materially different from the main analysis when we conducted the sensitivity analysis restricted to the erectile dysfunction cases who had additional codes that supported the erectile dysfunction diagnosis (n=4960, 86%) and their matched controls (adjusted odds ratio 0.89 (95% confidence interval 0.80 to 1.00) for 5-α reductase inhibitors only and 0.85 (0.73 to 1.00) for 5-α reductase inhibitors+α blockers, compared with α blockers only).
erectile dysfunction in the alopecia population We identified 12 346 men with alopecia who were eligible for inclusion in the alopecia population, of whom 463 received a prescription for finasteride 1 mg at cohort entry (n=868 of the alopecia population who used finasteride 1 mg at some time during follow-up) and 11 883 were unexposed at cohort entry (table 5 ) . At cohort entry, users of finasteride 1 mg for alopecia were younger and more likely to have depression or to have received a prescription for β blockers within the prior six months, whereas unexposed men with alopecia had more diagnoses of lower urinary tract symptoms. We identified 547 cases of erectile dysfunction, of whom 491 (89.8%) had a diagnosis of erectile dysfunction or impotence and 56 (10.2%) were identified based on prescriptions for a phosphodiesterase type 5 inhibitor. The incidence rates of erectile dysfunction were similar for users of finasteride 1 mg (10.1 per 1000 person years (95% confidence interval 7.0 to 13.9) and unexposed men (9.8 per 1000 person years, 8.9 to 10.7) (table 6 ). The incidence rate ratio, adjusted for age and calendar time, was 1.13 (95% confidence interval 0.80 to 1.58) for users of finasteride 1 mg compared with unexposed men with alopecia (table 6 ).
In the nested case-control analysis, cases of erectile dysfunction were more likely than matched controls to be overweight or obese, be former smokers, or have non-erectile dysfunction sexual dysfunction, hypertension, diabetes, hyperlipidemia, cardiovascular disease, liver disease, depression, and alcohol and drug misuse before the index date (table 7 ) . The adjusted odds ratio for erectile dysfunction was 0.94 (95% confidence interval 0.64 to 1.40) for users of finasteride 1 mg compared with unexposed men (table 8 ). The risk of erectile dysfunction increased with increasing number of finasteride 1 mg prescriptions, from 0.69 (95% confidence interval 0.33 to 1.40) for one prescription to 1.43 (0.71 to 2.90) for 10 or more prescriptions, but none of the odds ratios were statistically significant. The risk of erectile dysfunction was null, regardless of timing of use or time since the last prescription (table 8). When we stratified by age to evaluate effect modification, the risk of erectile dysfunction in users of finasteride 1 mg was higher in men aged 40-59 years (adjusted odds ratio 1.45, 95% confidence interval 0.87 to 2.44) than in men aged 18-39 years (0.50, 0.26 to 0.98), although the difference in risk by age was not statistically significant. Since men with alopecia who were prescribed finasteride 1 mg were generally healthier and had fewer risk factors for erectile dysfunction than men with alopecia not taking finasteride 1 mg, we conducted additional analyses to determine whether the null results could be explained by differences in the baseline health status of the two groups. We first restricted the analysis to cases and controls who did not have risk factors for erectile dysfunction (benign prostatic hyperplasia, non-erectile dysfunction sexual dysfunction, Peyronie's disease, or orchitis) before the index date. The results were similar to those of the main analysis (adjusted odds ratio 0.97, 95% confidence interval 0.62 to 1.47). We also conducted an analysis restricted to "healthy" cases and controls (those with no diagnoses of hypertension, diabetes, hyperlipidemia, cardiovascular disease, liver disease, or cancer prior to the index date) and found no material differences in the results (0.74, 0.47 to 1.19). When we conducted a sensitivity analysis restricted to cases of erectile dysfunction who had clinical codes that supported the erectile dysfunction diagnosis (n=332, 61%) and their matched controls, the odds ratio for users of finasteride 1 mg compared with unexposed men were null (adjusted odds ratio 1.49, 95% confidence interval 0.91 to 2.42). When the analysis was further restricted to the "healthy" cases and controls, the odds ratio was similar (0.74, 0.47 to 1.19).
non-erectile dysfunction sexual dysfunctions
In the benign prostatic hyperplasia population, we identified 232 men with a non-erectile dysfunction sexual dysfunction diagnosis before the censor date (n=27 ejaculatory dysfunction, n=88 psychosexual dysfunction, n=115 low libido, and n=2 with multiple diagnoses recorded on the same date). The rate of non-erectile dysfunction sexual dysfunctions was 0.9 per 1000 person years (95% confidence interval 0.6 to 1.2) for users of 5-α reductase inhibitors only, 0.8 per 1000 person years (0.5 to 1.2) for users of 5-α reductase inhibitors+α blockers, and 0.8 per 1000 person years (0.6 to 0.9) for users of α blockers only. Compared with users of α blockers only, the incidence rate ratio of non-erectile dysfunction sexual dysfunction adjusted for age, calendar time, and timing of exposure was 1.35 (95% confidence interval 0.95 to 1.91) for users of 5-α reductase inhibitors only and 1.62 (0.79 to 2.72) for users of 5-α reductase inhibitors+α blockers. The rates were low and not significantly different by exposure when we considered ejaculatory dysfunction, psychosexual dysfunction, and low libido separately. For ejaculatory dysfunction, the incidence rate was 0.06 per 1000 person years (95% confidence interval 0.01 to 0.17) for users of 5-α reductase inhibitors only, 0.05 per 1000 person years (0.002 to 0.2) for 5-α reductase inhibitors+α blockers, and 0.10 per 1000 person years (0.06 to 0.14) for α blockers only. For psychosexual dysfunction, the incidence rate was 0. In the alopecia population, we identified 104 men with a diagnosis of non-erectile dysfunction sexual dysfunction before the censor date (n=40 ejaculatory dysfunction, n=16 psychosexual dysfunction, n=46 low libido, and n=1 with multiple diagnoses recorded on the same date). The rate of non-erectile dysfunction sexual dysfunctions for users of finasteride 1 mg was 2.79 per 1000 person years (95% confidence interval 1.42 to 4.98) and 1.80 per 1000 person years (1.46 to 2.19) for unexposed men with alopecia. The incidence rate ratio of non-erectile dysfunction sexual dysfunction adjusted for age, calendar time, and timing of use was 1.55 (95% confidence interval 0.98 to 2.47) for users of finasteride 1 mg compared with unexposed men with alopecia. The rates were low and not significantly different by exposure when we considered ejaculatory disorder, psychosexual dysfunction, and low libido separately. For ejaculatory disorder, the incidence rate was 0. discussion Overall, the results of our study suggest that 5-α reductase inhibitors do not increase the risk of incident erectile dysfunction, regardless of indication for use (benign prostatic hyperplasia or alopecia). In a population of men age 40 years and older with treated benign prostatic hyperplasia, there was no increase in risk of incident erectile dysfunction with use of 5-α reductase inhibitors (finasteride or dutasteride), alone or in combination with α blockers, compared with use of α blockers only. In addition, among men aged 18-59 with alopecia, there was no material increase in the risk of incident erectile dysfunction in men prescribed finasteride 1 mg compared with unexposed men with alopecia. Finally, the rates of non-erectile dysfunction sexual dysfunctions were low regardless of indication for 5-α reductase inhibitor use. The risk of erectile dysfunction increased with longer duration of benign prostatic hyperplasia, independent of exposure. This finding is noteworthy because UK prescribing guidelines during much of the study period recommended that α blockers be first line treatment for benign prostatic hyperplasia followed by a switch to, or addition of, 5-α reductase inhibitors when treatment with α blockers was not effective or when benign prostatic hyperplasia had progressed. Therefore, users of 5-α reductase inhibitors were likely to have benign prostatic hyperplasia for a longer duration, resulting in a higher risk for erectile dysfunction. The absence of increased risk of erectile dysfunction in users of 5-α reductase inhibitors with benign prostatic hyperplasia, as well as in users with alopecia, provides strong evidence against the hypothesis that 5-α reductase inhibitors independently increase the risk of erectile dysfunction.
Comparison with other studies
Results from clinical trials evaluating the efficacy of 5-α reductase inhibitors for the treatment of benign prostatic hyperplasia or prevention of prostate cancer suggest that these drugs increase the risk of erectile dysfunction, whereas our results were null. The relative risk of erectile dysfunction with use of 5-α reductase inhibitors in clinical trials for prevention of prostate cancer varied from 1.10 to 1.5, 2 3 compared with placebo, and the changes in sexual function associated with 5-α reductase inhibitors were typically noted within the first year of treatment, and became comparable with placebo by study termination. Evidence from clinical trials evaluating the efficacy of finasteride only, α blockers only, and combination treatment for benign prostatic hyperplasia have also suggested that use of 5-α reductase inhibitors, alone or in combination with α blockers, increases the risk of erectile dysfunction compared with placebo. The risks based on published results range from 0.8 to 1.5 for finasteride only compared with α blockers only, whereas the risks of combination treatment range from 1.4 to 1.8 compared with α blockers only. [18] [19] [20] [21] Our results yielded no differences in the risk of erectile dysfunction by type of 5-α reductase inhibitor (finasteride or dutasteride), which is consistent with results of a clinical trial that compared the efficacy and safety of finasteride with dutasteride. 22 A post-marketing surveillance study (n=14 772) conducted in the UK in 1992-94, shortly after finasteride was first marketed, found that impotence/ejaculation was reported in 2.1% of patients prescribed finasteride, similar to the rate of erectile dysfunction in our benign prostatic hyperplasia study population. 23 The results of published studies evaluating the efficacy of finasteride 1 mg to treat alopecia have been inconsistent, 6-9 24-27 whereas our results were null. An increase of sexual side effects has been reported in clinical trials evaluating the efficacy of finasteride 1 mg for treatment of alopecia, with approximately 4% of men treated with finasteride reporting sexual side effects compared with approximately 2% of men treated with placebo. [6] [7] [8] [9] A systematic review of six clinical trials that reported on the safety of finasteride 1 mg or 5 mg for treatment of alopecia compared with placebo, found an increased risk of patient reported erectile dysfunction (relative risk 2.22, 95% confidence interval 1.03 to 4.78). 24 In contrast, three small trials conducted in clinical settings with short term follow-up reported no significant difference in erectile dysfunction adverse events. [25] [26] [27] The clinical trials evaluating 5-α reductase inhibitors for the treatment of benign prostatic hyperplasia and alopecia have also identified non-erectile dysfunction sexual dysfunctions as adverse effects of 5-α reductase inhibitor use. A systematic review of available randomized clinical trials reported that ejaculatory dysfunction was more common among users of 5-α reductase inhibitors for treatment of benign prostatic hyperplasia compared with users of placebo (odds ratio 2.73, P<0.001) in trials comparing α blockers and 5-α reductase inhibitors, whereas in trials comparing 5-α reductase inhibitors with α blockers the prevalence of ejaculatory dysfunction was similar for users of both drugs (odds ratio 0.7, P=0.42). 28 Another review of data from clinical trials found that low libido was reported as an adverse event for 2-5% of patients treated with 5-α reductase inhibitors compared with 1-3% of the placebo group. 10 A small cross sectional study of men attending an outpatient clinic for sexual dysfunction (n=48 patients using 5-α reductase inhibitors) reported a higher prevalence of low libido among users of 5-α reductase inhibitors compared with men who did not use 5-α reductase inhibitors; however, there were no significant differences in the prevalence of premature ejaculation or ejaculatory volume. 29 In comparison, in our study there was no evidence of a substantial increase in risk of non-erectile dysfunction sexual dysfunctions, and the rates were less than three events per 1000 person years regardless of indication for use, lower than those reported in clinical trials. In the UK Clinical Practice Research Datalink (CPRD), codes used to identify non-erectile dysfunction outcomes (ejaculatory disorder, psychosexual dysfunction, and low libido) are neither specific nor used regularly, consistently, or correctly (because of the close relation with diagnosis of erectile dysfunction) by general practitioners. Thus it is likely that we missed cases of non-erectile dysfunction sexual dysfunctions, and therefore the rates reported here are underestimates. Our results for non-erectile dysfunction sexual dysfunctions should be interpreted cautiously in light of the data limitations for these outcomes as well as the small number of exposed cases of non-erectile dysfunction sexual dysfunction identified (n=58 exposed non-erectile dysfunction cases in the benign prostatic hyperplasia population and n=10 exposed non-erectile dysfunction cases in the alopecia population). Unlike the published clinical trials, men in both our benign prostatic hyperplasia study population and our alopecia study population were free from diagnoses of and treatments for erectile dysfunction prior to cohort entry. In addition, patients with a history of other strong risk factors for erectile dysfunction prior to cohort entry, such as prostate, genital, or urinary cancer, or a history of prostatectomy or orchiectomy, were excluded from the study population or censored on subsequent diagnosis of these major erectile dysfunction and non-erectile dysfunction sexual dysfunction risk factors after cohort entry. Importantly, to be identified as a case of erectile dysfunction in our study men were required either to have a diagnosis or to have received treatment (pharmaceutical or procedural) for erectile dysfunction recorded by the general practitioner in their electronic medical record before the censoring date, whereas all of the clinical trials used questionnaires completed by participants to assess changes in sexual function. Thus, a major strength of our study is that it captured clinically meaningful erectile dysfunction diagnoses that came to the general practitioner's attention. In our study, users of 5-α reductase inhibitors, particularly in combination with α blockers, were generally less healthy than users of α blockers only. Men with benign prostatic hyperplasia who have multiple medical problems may have less sex or may less often bring up concerns about sexual function to their doctor, whereas the doctors may be more concerned with treating the other conditions than about the sexual health of their patients; that is, users of 5-α reductase inhibitors may be less likely to have their erectile dysfunction diagnosed (detection bias). If this were the case, then the true incidence of erectile dysfunction among users of 5-α reductase inhibitors alone or in combination might be higher than we detected in our study.
Alopecia and prostate enlargement/benign prostatic hyperplasia are both related to the conversion of testosterone to dihydrotestosterone, which is stimulated by increased activity of the enzyme 5-α reductase. 10 Owing to underlying biochemistry, men who have benign prostatic hyperplasia or alopecia may be at an increased risk of erectile dysfunction compared with men without either condition, regardless of treatment. Our study was designed to control for confounding by indication. In the benign prostatic hyperplasia study, we used an active comparator (α blockers only) rather than non-exposed, to control for confounding by severity and duration of benign prostatic hyperplasia, whereas men in our alopecia study population were required to have a recorded diagnosis of alopecia. The number of patients in our benign prostatic hyperplasia study population identified as a case of erectile dysfunction (8%) was similar to the proportion of patients who self reported having erectile dysfunction in clinical trials (0% to 16%), 2 3 19-21 whereas the rates of erectile dysfunction among men with alopecia in our study were similar to those reported among men in general. 30 31 Also, erectile dysfunction has not been reported as a common side effect of the α blockers evaluated in our study. 32 Approximately 46% of the patients who used α blockers only in our benign prostatic hyperplasia population were prescribed tamsulosin, followed by alfuzosin (12%) and doxazosin (11%); in our study, the risk of erectile dysfunction did not differ by type of α blocker prescribed (data not shown). We do not believe that the null results found in our study were due to use of comparison groups who had an increased baseline risk for erectile dysfunction.
strengths and limitations of this study Strengths of our population based study included the use of CPRD, a large, validated, longitudinal primary care database known for high accuracy of diagnoses and completeness of drug prescribing data. We found known risk factors to be independently associated with risk for erectile dysfunction (eg, increased body mass index, hypertension, hyperlipidemia, diabetes), providing confidence in the quality of the data and its ability to detect associations between benign prostatic hyperplasia treatments and risk of erectile dysfunction. As all information on diseases and drug exposures is recorded in the absence of a study hypothesis, there is no risk of recall bias. The mean length of follow-up was greater than four years. We further controlled our analyses for a range of potential confounders, including non-erectile dysfunction sexual dysfunction, hypertension, diabetes, body mass index, smoking status, depression, and duration of benign prostatic hyperplasia. By excluding men who had insufficient history in their medical record before cohort entry we reduced the risk of including men who had used the study drugs before cohort entry, as well as reduced the risk of including men with prevalent, rather than incident, erectile dysfunction.
A major strength of our study is that it relied on doctor recorded diagnoses, rather than patient reported changes in sexual function, to identify cases. Finally, the population of men prescribed 5-α reductase inhibitors and α blockers for benign prostatic hyperplasia (n=71 849) and the population of men with alopecia (n=12 346, of which 868 received prescriptions for finasteride 1 mg during follow-up) described in our study are robust and are the largest populations of "real world" users of these drugs evaluated to date. This allowed us to study the effects of these drugs as prescribed in routine clinical practice. This is not possible in clinical trials given their smaller size and highly selected study populations.
There are some limitations to consider. Drug information in the CPRD covers written, not dispensed prescriptions; therefore we cannot be sure that patients used all prescribed drugs. However, the relative risks did not change among those with repeat (≥2) prescriptions, suggesting that this did not affect the results. During our study period, phosphodiesterase type 5 inhibitors were available in the UK for prescriptions through private sources; therefore, we may have missed some cases of erectile dysfunction where these drugs were prescribed outside of the general practitioner's office. This is unlikely to be differential by exposure category, and thus may have biased the true estimates toward the null. Objective measures of the severity of benign prostatic hyperplasia are not captured in the CPRD data, thus we were unable to assess the impact of severity on the results. We were able to identify codes relating to lower urinary tract symptoms; however, these codes are symptom based, are not specific to benign prostatic hyperplasia, and might be related to other urological and medical conditions. Severe lower urinary tract symptoms are known to be associated with erectile dysfunction, but in our study such symptoms did not confound the relation between exposure and outcome in either the benign prostatic hyperplasia population or the alopecia population. Although the populations of men evaluated in these studies were robust, in some of the analyses the numbers of exposed cases were small, particularly for non-erectile dysfunction sexual dysfunctions (n=36 exposed erectile dysfunction cases in the alopecia population, n=58 exposed non-erectile dysfunction sexual dysfunction cases in the benign prostatic hyperplasia population, and n=10 exposed in the alopecia population); thus the results for these analyses should be interpreted with caution. However, it is important to note that the CPRD is one of the few observational data sources in the world where these numbers of erectile dysfunction and non-erectile dysfunction sexual dysfunction cases could be identified and evaluated. Our study results suggest that the duration of benign prostatic hyperplasia is a strong independent risk factor for erectile dysfunction; therefore, studies evaluating the incidence of erectile dysfunction after use of 5-α reductase inhibitors or α blockers should be interpreted cautiously and with consideration to the duration of benign prostatic hyperplasia.
Conclusions and policy implications
The results of our study provide evidence that 5-α reductase inhibitors do not increase the risk of clinically meaningful incident erectile dysfunction in men who are free of sexual dysfunction and major risk factors (eg, prostate, genital, or urinary cancers, surgical procedures), regardless of indication for use (benign prostatic hyperplasia or alopecia). The risk of erectile dysfunction increases with longer duration of benign prostatic hyperplasia, which should be accounted for in the design of future studies evaluating the safety of 5-α reductase inhibitors. Since benign prostatic hyperplasia and alopecia are common conditions in men and 5-α reductase inhibitors are primary drug treatments for these conditions, the results of this study provide reassurance that these drugs are not associated with a materially important increased risk of clinically meaningful erectile dysfunction in every day clinical practice.
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